The Ider Complex of the Tarbagatai Block in northwestern Mongolia is part of a Precambrian microcontinental terrane in the Central Asian Orogen Belt and has experienced a polymetamorphic tectono-metamorphic evolution. We have investigated an enderbitic gneiss, derived from a quartz diorite and a charnockite, derived from a leucogranite, and zircon SHRIMP data reveal late Archaean protolith ages of 2520-2546 Ma for these rocks. Metamorphic overgrowth on these zircons as well as newly-formed metamorphic zircons document a hightemperature metamorphic event (T = 930-950°C) at about 1855-1860 Ma. Nd whole-rock isotopic systematics show these and other gneisses of the Ider Complex straddling the CHUR-line in a Nd isotope evolution diagram, suggesting both crustal reworking and input of some juvenile material, with Nd model ages ranging between ca. 2.5 and 3.1 Ga. Hf-in-zircon isotopic data provide a similar pattern and also yielded Archaean Hf crustal model ages. The metamorphic zircons seem to have inherited their Hf isotopic composition from the igneous grains, suggesting a complex process of dissolution, transportation, and re-precipitation involving a fluid phase during high-grade metamorphism. The zircon age patterns do not make it possible to unambiguously assign the Tarbagatai Block to any of the cratons bordering the Central Asian Orogenic Belt, since age peaks at ca. 2520-2550 and ca. 1860 Ma are common in the Siberian, North China and Tarim cratons.
Introduction
The broad terrane of southern Siberia and Mongolia south of the Siberian craton is part of the Central Asian Orogenic Belt (CAOB). It consists of Neoproterozoic to early Paleozoic island arc and ophiolite complexes as well as fragments of continental massifs that were tectonically juxtaposed during accretionary orogenic events in the Paleozoic (Mossakovsky et al., 1993; Kovach et al., 2004; Kovalenko et al, 2005; Kozakov et al., 2008 Kozakov et al., , 2011 Yarmolyuk et al., 2011; Kröner et al., 2014) .
The oldest of these continental massifs consists of crystalline rocks dating back to the Archaean and may be rifted-off fragments of ancient cratons. Single zircon ages as well as whole-rock Sm-Nd and Pb-Pb isotopic data indicate that Archaean to Paleoproterozoic rocks only occur in the Baidarik Block, the Ider Complex of the Tarbagatai Block all in northwestern Mongolia, (Kozakov et al., 2007 (Kozakov et al., , 2011 , and in the Gargan Block of East Sayan in southern Siberia (Kovach et al., 2004; Anisimova et al., 2009a) (Fig. 1) .
The zircon age of tonalitic gneisses in the Gargan Block is 2727 ± 6 Ma (Anisimova et al., 2009a) and the age of high-temperature metamorphism is 2664 ± 15 Ma (Kovach et al., 2004) , but the P-T conditions of metamorphism are not well defined. In contrast, the oldest zircon age of a granite-gneiss of the Tarbagatai Block is 2219 ± 25 Ma (Kozakov et al., 2011) .
The most detailed geochronological information is available for the Baidarik Block where the oldest zircon age is 2646 ± 45 Ma for tonalitic gneisses of the Baidrag Complex (Mitrofanov et al., 1981) . Detailed SHRIMP dating has shown that the oldest components are 207 Pb/ 206 Pb core ages at around 2.8 Ga, and the main group of zircons yielded 207 Pb/ 206 Pb ages of 2.50-2.65 Ga, including grains as typically found in granulite-facies rocks (Kozakov et al., 2007) . Mapping and zircon dating of granitoid gneisses have also documented a major tectono-metamorphic event at 1854-1825 Ma and an earlier granulite-facies metamorphism in the Bumbuger Complex of the Baidarik Block between 2364 and 2308 Ma (Kozakov et al., 2007; Demoux et al., 2009) . Thus, only two localities of early Precambrian basement are currently known in the northern CAOB. Here we present new age data and Hf-in-zircon isotopic compositions for granulite-facies rocks in the early Precambrian Ider Complex of the Tarbagatai Block and discuss their sources and tectonic setting.
Geology of the Tarbagatai Block
Crystalline rocks of the Tarbagatai Block were first considered to be the part of the Dzabkhan microcontinent (Mossakovsky et al., 1993) and were later defined as the Tarbagatai cratonic terrane (Badarch et al, 2002) . However, they constitute several large but separate blocks enclosed in the Permian Khangay batholith and are structurally isolated from the Dzabhan microcontinent and the Baidarik block (Fig. 2) . Amongst the Tarbagatai crystalline rocks an early Precambrian and a Neoproterozoic domain were recognized and named the Ider and Jargalant Complexes, respectively (Fig. 3) . Originally, high-temperature regional metamorphism was the criterion for considering the Ider Complex to be early Precambrian in age.
The Ider Complex consists of strongly migmatized biotite and hornblende orthogneisses with rare inclusions of amphibolite and granite-gneiss bodies; sillimanite-bearing paragneisses occur in subordinate quantities. An early high-grade metamorphism produced granulite-facies assemblages as indicated by inclusions of two-pyroxene-bearing gneiss, enderbite and charnockite (Table 1 ). The central parts of such inclusions remained unaffected by amphibolite facies retrogressive (regional) metamorphism, and relict parageneses are: clinopyroxene ± brown hornblende + plagioclase ± quartz and clinopyroxene + plagioclase + orthoclase + quartz. Charnockite formation is documented by the paragenesis orthopyroxene + plagioclase + orthoclase + quartz, and enderbites contain the paragenesis orthopyroxene + plagioclase with antiperthite + quartz + biotite. Pyroxene is replaced by green hornblende in the marginal parts of such granulite inclusions. In general, as a result of amphibolite-facies retrograde regional metamorphism, many pyroxene-bearing gneisses were downgraded into amphibole gneisses or schists, and dark colored minerals such as biotite and/or green hornblende are present in most migmatites.
Retrograde metamorphism of the granulite-facies assemblages was accompanied by widespread migmatization, culminating in the injection of numerous granitoid veins with a width of a few tens of centimeters to 1.5-2 m. These granitoids cut across the migmatite layering, and in areas of high strain they are folded together with the migmatites and these domains become well foliated, gneissose granite. The zircon age of one of these granite-gneisses is 2219 ± 25 Ma (Kozakov et al., 2011) . Later, more massive, granitoids also occur in the migmatites and make up irregularly-shaped bodies with indistinct contacts over an area of more than several hundred square meters. The established zircon age range for these granitoids is about 1870-1860 Ma (Kozakov et al, 2011) .
Generation of the main foliation and structures of the Ider Complex and amphibolite-facies regional metamorphism occurred prior to the intrusion of anorthosite bodies dated by isotope-dilution TIMS at 1784 ± 10 Ma (Anisimova et al., 2009b) . No further deformation and metamorphism occurred after this time. Thus, from the end of the late Paleoproterozoic the crystalline rocks of the Ider Complex were part of a rigid, stable cratonic block and were not affected by deformation and metamorphic events that occurred in the enclosing Neoproterozoic to early Paleozoic rocks during amalgamation of the Central Asian Orogenic Belt. We therefore emphasize that Neoproterozoic regional metamorphism (~800 Ma) and structures as found in the Jargalant Complex ( Fig. 3) (Kozakov et al., 2011) did not affect the older Ider Complex.
We have previously attempted to date samples of this complex using the multigrain zircon TIMS method, and our results are summarized below. Because of the discordance of most analyses and the ambiguity of these data in interpreting the geological history of the granulites, we have subsequently used a SHRIMP instrument in combination with cathodoluminescence imagery to understand the complexity of the zircons in these rocks. We have also combined the SHRIMP ages with Hf-in-zircon isotopic analyses in order to unravel the evolution of the dated granulites. Our samples are a charnockite (sample 7011) and enderbite (sample 7340) of the Ider Complex, and their locations are shown in Fig. 3 .
Field relations and metamorphic conditions of granulite sample 7340
Samples 7340 and 7011 are from the same outcrop of migmatized biotite gneiss and green hornblende gneiss of the Ider Complex which contain rare relicts of granulite-facies rocks such as clinopyroxene and orthopyroxene gneisses, enderbite, and charnockite in amphibolitefacies gneiss and migmatite.
Enderbite sample 7340 represents one of these relicts and was collected from a small granulite-facies inclusion with gradational contact within an amphibolite-facies gneiss. Granulite-facies metamorphic mineral assemblages are found in the central parts of these bodies, whereas in the marginal parts orthopyroxene is replaced by hornblende. Charnockite sample 7011 was collected from a thin (25-30 cm) layered body with a visible length of about 3 m and is concordant with the amphibolite-facies regional foliation (defined by green hornblende) in the enclosing rocks.
Enderbite sample 7340 mainly consists of plagioclase, quartz and orthopyroxene but also contains small biotite flakes and orthoclase rims around biotite and orthopyroxene (Fig. 4) . Plagioclase contains orthoclase inclusions (antiperthite), and some biotite flakes are found as ingrowths in orthopyroxene.
The temperature of granulite-facies metamorphism was established from the exchange (Fe/Mg) reaction between orthopyroxene and biotite (Table 2) . Calculations used the TWQ program (Berman, 1991) together with the thermodynamic database BA96a Berman and Aranovich, 1996) . Calculation of metamorphic pressure was not possible because of the low alumina content in orthopyroxene (0.5-0.8 wt.% Al 2 O 3 ) and biotite (13.7-14.7 wt.% Al 2 O 3 ), and the lack of garnet in the rock. The Fe-Mg cation exchange equilibria temperatures calculated for biotite in the rock matrix are 860-950°C. The highest temperatures (930-950°C) were determined for biotite flakes in direct contact with orthopyroxene. Temperatures for biotite grains penetrating and replacing orthopyroxene are lower (800-850°C). This confirms the secondary development of such biotite that formed as a result of decharnockitization (retrogression). The biotite-orthopyroxene exchange reaction in P-T space is close to vertical, hence, the estimated temperature values do not depend on the metamorphic pressure.
The metamorphic peak temperature (N 900°C) is in agreement with the development of antiperthite in plagioclase. Therefore, granulitefacies metamorphism in the Ider Complex can be attributed to an ultrahigh-temperature (UHT) event.
Charnockite sample 7011 with the paragenesis orthopyroxene + plagioclase + orthoclase + quartz is preserved in the central part of a layered body. Orthopyroxene disappears in the marginal parts and twinned microcline appears instead of orthoclase. This shows that the granulite-facies rocks (charnockite, enderbite, pyroxene gneiss) were reworked during retrograde amphibolite-facies regional metamorphism.
Geochemical characteristic of high-grade rocks in the Ider Complex
Granulites of Ider Complex can be subdivided into two groups according to their composition and chemical features. The first group (samples 6657, 6658 and 7340 in Table 1 ) correspond to metaluminous quartz diorite and granodiorite with Na 2 O/K 2 O = 1.9-3.5. They are characterized by fractionated trace-elements distribution patterns with negative anomalies in Th, U, Nb-Ta, P and Ti (Fig. 5a ), low Sr/Y ratios (15-45), moderately fractionated REE patterns (La N /Yb N = 7.9-17.8) with gentle slopes of HREE (Gd N /Yb N = 2.1-2.8), and weak negative and positive Eu anomalies (Eu/Eu* = 0.74-1.12) (Fig. 5b) . The geochemical data are compatible with the interpretation that the enderbite protoliths may have formed by partial melting of basaltic source in an island arc or active continental margin setting at a pressure of~3-7 kbar with Pl + Cpx + Opx in the residue.
In contrast to the enderbites, charnockite sample 7011 is characterized by high silica and chemically corresponds to leucogranite or quartz monzonite (Table 1) . It has a trace element pattern with pronounced negative anomalies in Th, U, Nb-Ta, P and Ti, and positive anomalies in Sr, Zr-Hf and Eu (Fig. 5a , b), a highly fractionated REE pattern (La N /Yb N = 110) with low HREE contents (Yb = 0.036 ppm), and a strong positive Eu anomaly (Eu/Eu* = 11.0). These features suggest derivation of the charnockite protolith through anatectic melting of country rocks during high-grade metamorphism.
The migmatized biotite gneisses (samples 6151, 6152 in Table 1 ) resemble rhyodacite and rhyolite (granodiorite and granite) in major element composition (Table 1) . They have trace-element patterns enriched in Th and strongly depleted in HREE relative to the enderbites (Fig. 5a , b) as well as strongly fractionated REE patterns (La N /Yb N = 81-106) with weak Eu anomalies (Eu/Eu* = 1.06-1.14). The chemical characteristics of the migmatized biotite gneisses require hornblende in the residue during derivation of their protoliths, implying higher pressures and, consequently, different sources than suggested for protoliths of the enderbites.
The biotite granite-gneiss (sample 6153), cutting the migmatites, has a granodioritic composition and geochemical characteristics similar to those of the migmatites but differs from these in its positive Sr anomaly, an absence of a Zr-Hf anomaly, and lower trace elements content (Fig. 5a, b ).
Previous geochronology
U-Pb ID-TIMS dating of zircons from sample 6153 was performed in the Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences for three multigrain zircon aliquots, with two fractions subjected to selective dissolution for 4 and 8 h, respectively. Analyses corresponding to the isotopic composition of the dated zircon fractions define a discordia line with an upper Concordia intercept at 2219 ± 25 Ma and a lower intercept at 535 ± 570 Ma, MSWD = 2.3. This age was considered to reflect the time of zircon crystallization and was interpreted as the upper age boundary for the Ider Complex (Kozakov et al., 2011) . However, because of the multigrain dating method and no CL control, it is possible that the above discordia line reflects mixing between magmatic (or inherited) and metamorphic zircons. Therefore, the age of amphibolite-facies retrograde metamorphism in the Ider Complex remains uncertain.
Results and discussion

Zircon morphology, cathodoluminescence images, and U-Pb ages
Zircons from charnockite and enderbite samples 7011 and 7340 were analyzed on SHRIMP II of the Beijing SHRIMP Centre, and the analytical procedures are detailed in Appendix A. The analytical data are listed in Table 2 . Zircons from both samples are colorless and transparent, as is common in granulite-facies terrains (e.g., Kröner et al., 1994; Corfu et al., 2003) . Both samples contain two morphologically distinct zircon generations. The more numerous grains are predominantly long-prismatic with length/width ratios of 3-6 and have well rounded terminations (e.g., Fig. 6a ). Such rounding is known as metamorphic 'corrosion', i.e. partial zircon dissolution and recrystallization during high-grade metamorphism, and has been described from many metamorphic terranes (Silver, 1969; Kröner et al., 1994; Corfu et al., 2003) . The predominantly dark CL images with frequent oscillatory zoning show these high-U zircons to be of magmatic origin (Fig. 6a-b) . Some zircons have dark cores (Fig. 6b) , and these are inherited as our isotopic data show. Several grains have thin metamorphic overgrowth rims (Fig. 6c ) that, however, are too narrow to be analyzed on SHRIMP II with a 30 μm diameter ion beam. This thin overgrowth indicates that the charnockite was already dry during the high-grade event so that no or only very little zirconium-bearing fluid was available for new growth. Several grains of sample 7011 show complex internal structures under CL that, in analogy with similar zircons from other high-grade terranes, we interpret as the result of partial recrystallization (e.g., Fig. 6d ), metamictization and other processes related to modifications as a result of interaction with a fluid phase (e.g., Wan et al., 2009 ). There are also rare low-U cores of magmatic origin and occasionally there occurs a complex intergrowth of low-and high-U phases (Fig. 6e) . We avoided such zones during analysis and selected domains on the magmatic grains that indicated undisturbed growth.
The magmatic zircons in sample 7340 are generally less rounded at their terminations than those in 7011 and have simpler-looking internal structures (Fig. 6f) , but many have very thin highly luminescent rims, too narrow to be analyzed on SHRIMP and most likely of metamorphic origin.
The second group of zircons in both samples is oval-shaped to ballround, often multifaceted and very distinct because of their light gray highly luminescent CL images indicating low U-contents ( Fig. 6g-i) . These grains are undoubtedly of metamorphic origin. They often display typical fir-tree or sector zoning (Fig. 6g-h ) due to slow diffusive growth during high-grade metamorphism under anhydrous conditions (e.g., Kröner et al., 2000; Wan et al., 2009; Dong et al., 2014) . Some grains have older igneous-looking cores, in some instances just tiny domains (Fig. 7i) , and some well-rounded grains, originally considered to be metamorphic turned out to be igneous in origin under CL (Fig. 6j) . In general, the metamorphic zircons appear to have simpler internal structures than the igneous grains.
The heterogeneity of most zircons of igneous origin, as revealed by their CL images, clearly indicates that whole-grain isotopic analysis will not produce meaningful ages because several components are complexly intergrown in almost each grain and Pb-loss and/or recrystallization have most likely disturbed the original U-Pb isotopic ratios. A good example of such isotopic disturbance due to high-grade metamorphism is shown by Wan et al. (2011) . In the ideal case of only two components, one magmatic and one metamorphic, the U-Pb isotopic ratios should define a discordia line in a Concordia diagram with the upper intercept approximating the magmatic crystallization age and the lower intercept reflecting new metamorphic growth and/or Pb-loss (e.g., Kröner et al., 2013b ). As we demonstrate below, our zircons from the Ider Complex behave in exactly this way.
Eight grains of the igneous zircon population in sample 7011 were analyzed on SHRIMP II of which six yielded concordant or near- concordant results and two are significantly discordant (Fig. 7a) Pb isotopic ratios (Table 2 ) resulting in a mean age of 1855 ± 2 Ma (Fig. 7a) . Three cores in the igneous zircons are much older but are strongly discordant and precise ages can therefore not be calculated. However, they are well aligned in the Concordia diagram and, as in their younger hosts, have near-identical 207 Pb/ 206 Pb ratios corresponding to a mean age of 2522 ± 2 Ma (Fig. 7a, inset) . These cores most likely reflect the crustal source from which the charnockite protolith of sample 7011 was derived.
Five metamorphic zircons of sample 7011 produced concordant and near-concordant results (Table 2 ) with a mean 207 Pb/ 206 Pb age of 1857 ± 3 Ma (Fig. 7b ) that we interpret to reflect the time of peak granulite-facies metamorphism. This age is identical, within error, to the age obtained on the magmatic grains, and there are two possibilities to interpret these results. First, and most likely, the granitic charnockite protolith crystallized at about 1855 Ma ago and resulted from melting of a late Archaean crustal source. High-grade metamorphism almost immediately followed on pluton emplacement and transformed the granite into a charnockite. Alternatively, all magmatic-looking zircons in this sample recrystallized completely during high-grade metamorphism, and their original isotopic system was totally reset. We consider the second option unlikely because some of the dated grains clearly preserve igneous oscillatory zoning and show no evidence in their CL-images of recrystallization. Ten magmatic-looking zircons from sample 7340 yielded variably discordant but well aligned data with one concordant analysis, and the resulting mean 207 Pb/ 206 Pb age is 2542 ± 1 Ma (Table 2 , Fig. 8a ).
We interpret this to reflect late Archaean crystallization of the enderbite protolith. Nine metamorphic zircons from the same sample have concordant, slightly discordant, and significantly discordant results but, as in sample 7011, their Pb ratios are almost identical (Table 2 ) and result in a mean age of 1855 ± 3 Ma (Fig. 8b ) which most likely reflects the peak of high-grade metamorphism. Two igneous cores in these zircons yielded discordant results suggesting a late Archaean minimum age of 2546 ± 1 Ma. This is identical to the magmatic age of sample 7340, as would be expected.
Comparing the two results it appears that sample 7340 represents a late Archaean basement that underwent late Paleoproterozoic granulite-facies metamorphism, whereas sample 7011 may reflect crustal melting of a late Archaean protolith in the late Paleoproterozoic, possibly the same basement as represented by sample 7340, immediately followed by high-grade metamorphism. Both samples experienced the same granulite-facies metamorphic event as recorded in their respective metamorphic zircons. Table 1 . (b) Chondrite-normalized REE distribution patterns for rocks listed in Table 1 . Normalizing values are from Sun and McDonough (1989) and Taylor and McLennan (1985) , respectively.
Nd whole rock isotopic systematics
The Sm-Nd isotopic systematics of felsic igneous rocks are widely used to constrain their sources and the approximate time of crust formation from the depleted mantle (DePaolo, 1988) . A sample is characterized by the ε Nd(t) parameter which denotes the initial Nd ratio at the time of rock formation. It is usually accepted that a positive ε Nd(t) value indicates a short-lived juvenile source, whereas a negative ε Nd(t) value is indicative of rock formation due to a reworking of a long-lived crustal source. The time of formation of a rock from a mantle source is calculated as the Nd model age t Nd(DM) that corresponds to the time when the Nd isotopic composition of this rock was identical to its mantle source. However, since felsic igneous rocks are often formed from sources with different isotopic compositions and ages, a Nd model age is usually interpreted as average crustal residence age and reflects the average age of the material involved in the formation of the rock Table 3 . (Arndt and Goldstein, 1987) . In spite of the generally immobile behavior of Sm and Nd during intracrustal processes (Taylor and McLennan, 1985) , there are cases where anatexis of crustal rocks or fractionation of accessory minerals significantly changes the Sm/Nd ratio and thus leads to unrealistic t Nd(DM) estimates (e.g., Harris et al., 1996; Kovalenko et al., 1999) . In order to account for such possible Sm-Nd fractionation, a so-called two-stage (or "crustal" by analogy with Hf-in-zircon isotope systematics; see below) Nd model age t Nd(c) (Keto and Jacobsen, 1987) can be calculated. This crustal Nd model age assumes that the average crustal Sm/Nd ratio for a potential source evolved from the time of depleted mantle melting to the age of rock crystallization. We use such crustal model ages below. Nd whole-rock isotopic data for whole-rock samples of the Ider Complex are summarized in Table 4 and compared with Nd isotopic data for gneisses and Paleoproterozoic granitoids of the Baidarik Block in Fig. 9 . Enderbites of the Ider Complex have slightly negative and close to zero ε Nd(t) values varying from − 1.8 to + 0.4 and corresponding Mesoarchaean Nd depleted mantle model ages t Nd(DM) of 3.1-2.9 Ga. The Nd isotopic and geochemical data suggest derivation of the enderbite precursors from melting of late Archaean juvenile as well as older crustal sources, probably in an active continental margin setting.
The migmatized biotite gneisses yielded higher positive ε Nd(t) values of + 1.5 to + 1.6, assuming a rock formation age of 2540 Ma. The remaining migmatized gneisses as well as a granite-gneiss and charnockite have low 147 Sm/ 144 Nd ratios of 0.0561-0.0733, much lower than average crustal values of 0.09-0.13, and this may have been caused by migmatization and anatexis. The corresponding Nd crustal model ages t Nd(c) of 2.8-2.5 Ga are strongly dependent on the assumed crystallization age. The Nd crustal model ages t Nd(c) of 2.8 Ga for the migmatized gneisses are close to depleted mantle model ages t Nd(DM) for the enderbites, suggesting that both crustal reworking and input of some juvenile material occurred during generation of the migmatite precursors. The granite-gneiss and charnockite are characterized by negative ε Nd(t) values of −4.5 and −7.6, corresponding to Mesoarchaean crustal Nd model ages t Nd(c) of 3.0 Ga. These rocks are similar in their Nd isotopic evolution to enderbites and migmatized gneisses of the Ider Complex (Fig. 9) . The Nd isotope and geochemical data imply derivation of the charnockite and granite-gneiss precursors through anatexis of older crustal rocks.
Rocks of the Ider Complex have Nd model ages that partly overlap with, but are generally younger than, 3.3-2.9 Ga model ages for metamorphic rocks of the Baidarik Block (Fig. 9) . This is probably related to the addition of juvenile material at ca. 2540 Ma.
Hf isotopic systematics
Hf isotopic ratios were obtained on previously dated SHRIMP spots and additional domains on zircons from samples 7011 and 7340, using a Nu Plasma HR MC-ICP-MS equipped with a laser ablation system at the University of Hong Kong (for analytical details see Appendix A). The results are summarized in Table 5 .
The isotopic ratios in all zircons are remarkably similar, attesting to the robustness of the Lu-Hf system, even in cases of significant Pb-loss in the zircons during metamorphism. It is possible to calculate an approximate age for the source rock from which the zircons were derived, namely a Hf crustal model age (t Hfc ), by forcing a growth curve for a system with a Lu/Hf isotopic ratio corresponding to the average crust through the zircon initial ratio. However, there is some uncertainty in the calculation of this model age because the whole-rock 176 Lu/ 177 Hf ratio of the protolith is not known, and therefore most authors use an assumed value for the continental crust, varying between 0.009 and 0.015 (e.g., Vervoort and Patchett, 1996; Belousova et al., 2006) . Whole-rock Lu-Hf isotopic data from a wide variety of high-grade granitoid gneisses suggest that a ratio of 0.010 appears to be most suitable and also best matches whole-rock Nd model ages (Kröner et al., 2013a (Kröner et al., , 2014 . However, we caution against taking these values too literally because the real Lu/Hf protolith ratios are not known, and there is also some uncertainty on the degree of depletion of the average Archaean mantle. Thus the error in the Hf crustal model ages cited below may be considerable. The Hf initial ratios for six of the 1855 Ma zircons from sample 7011, expressed in ε Hf -units, are between −9.0 and −5.7 (Table 5 , Fig. 10a ). Four analyses were made on zircon cores of which three had a measured mean age of 2522 Ma, and we assume that the remaining core has approximately the same age. The ε Hf(t) -values for these old cores range between − 3.6 and − 0.3 (Table 4 ). These data are graphically shown in Fig. 10a where the Hf initial ratios at the time of rock formation (1855 Ma for the magmatic grains, 2522 Ma for the inherited cores, see Table 5 ) are plotted against time. The red broken lines denote the evolution of the Hf isotopic ratios for the highest and lowest ε Hf(t) -values, assuming a 176 Lu/ 177 Hf ratio of 0.01. For the magmatic zircons of sample 7011 the resulting t Hfc crustal model ages vary between 2.7 and 2.9 Ga, whereas the Neoarchaean cores have model ages of 2.9-3.1 Ga (Table 5 , Fig. 10a ). The latter are just slightly older than those for the Paleoproterozoic magmatic grains and support the interpretation that both the charnockite precursor of sample 7011 and its possible igneous source represented by the zircon cores, were derived from Neo-to Mesoarchaean crustal material. Nine Lu-Hf analyses of metamorphic zircons from sample 7011, calculated for an age of 1857 Ma, yielded strongly negative ε Hf(t) -values ranging between − 19.2 and − 11.2 and corresponding t Hfc model ages of ca. 3.0-3.4 Ga (Table 5, Fig. 10b ). These old model ages are close to those of the igneous zircons and suggest that the Lu-Hf isotopic system has been inherited from the magmatic source and was not significantly disturbed by the high-grade metamorphic event.
The Hf initial ratios for ten magmatic zircons from sample 7340, calculated for a crystallization age of 2542 Ma, vary widely between −5.0 and +2.7 and resulting in Hf crustal model ages of 2.8 to 3.2 Ga (Table 5 , Koz7011-1 is spot on grain 1, Koz7011-2 is spot on grain 2, etc. Fig. 7f ). It is therefore possible that the laser beam cut deeply into these zircons and evaporated an Archaean or mixed phase. If we calculate crustal model ages for these two samples on the basis of a crystallization at 2542 Ma (Table 5 ) and combine these with the remaining e Hf(t) -values for the metamorphic grains, the range is between −10.0 and +0.1 (Fig. 10d) , corresponding to t Hfc model ages of 2.7 to 3.1 Ga which are again similar to those in the igneous zircons of the same sample and reiterate the suggestion that the Lu-Hf isotopic system of the metamorphic zircons is inherited from the magmatic enderbite protolith. We suggest that this occurred in the following manner. Igneous zircon becomes "corroded" through the action of a fluid phase and partly dissolves during prograde high-temperature metamorphism. This can be seen in many zircons from high-grade terranes where the original pyramidal terminations of magmatic zircons are lost and become well rounded and "healed" as evidenced by multifaceted surfaces seen under high microscopic magnification (e.g., Kröner et al., 2013b) . Such dissolution may also result in unusual zircon shapes (e.g., Fig.7d ), including egg-or even ball-shaped grains (e.g., Fig. 7e ) that are easily mistaken for detrital zircon. The dissolved material bearing the Hf isotopic composition of the "parent" igneous zircon is transported in the Data from Kozakov et al. (1997) and Kozakov et al. (2011) and Table 3 . a Koz7011-6-1 is grain 6, spot 1, Koz7011-6-2 is grain 6, spot 2, etc.; m denotes metamorphic zircon.
metamorphic fluid that, under suitable conditions, leads to the crystallization of new metamorphic zircon in the rock. This newly-formed zircon, characterized by a typical ball-round, multifaceted shape, broad zoning as revealed under CL, and a low Th/U ratio, as seen in our samples, then has a new U-Th-Pb isotopic system reflecting the time of metamorphic crystallization, but it inherited the Hf isotopic composition from the fluid from which it nucleated. A similar process was envisaged by Zeh et al. (2010) for Hf isotopes in metamorphic zircon from amphibolite-facies schists in Antarctica and in eclogite-facies rocks from the Dabie orogen, China. Zeh et al. (2010) suggested that the dissolution/transportation/re-precipitation process resulted from a complex interplay between metamorphic dehydration reactions and synmetamorphic deformation processes.
Conclusions
The results of our study on high-grade rocks from the Ider Complex of northwestern Mongolia are summarized as follows:
The Ider Complex of the Tarbagatai Block in northwestern
Mongolia contains high-grade granitoid gneisses with protolith ages of ca. 2550 Ma. 2. These late Archaean rocks (enderbites and two-pyroxene gneisses) have undergone UHT granulite-facies metamorphism at ca. 1850 Ma, followed by a retrogressive and amphibolite-facies overprint. Similar ages have been obtained for granulites of the Baidaragin Complex (protolith emplacement ages of 2.65-2.44 Ga, Kozakov et al., 2007) and intrusion of a Grt ± Opx bearing syntectonic granodiorite at 1854 ± 5 Ma (Kozakov, 1993) .
3. Nd whole-rock isotopic systematics with Nd model ages ranging between ca. 2.5 and 3.1 Ga suggest that both crustal reworking and input of some juvenile material were involved in the generation of the Ider Complex gneiss protholiths. Hf-in-zircon isotopic data provide a similar pattern, and magmatic zircon also yielded Archaean Hf crustal model ages. The metamorphic zircon population seems to have inherited its Hf isotopic composition from the igneous grains, suggesting a complex process of dissolution, transportation, and re-precipitation involving a fluid phase during high-grade metamorphism. 4. Current data show that only three relatively small crustal blocks containing early Precambrian high-grade rocks occur in the eastern segment of the CAOB, namely the Baidrag, Ider and Gargan complexes. Other supposed microcontinents in the region are Neoproterozoic in age. (Griffin et al., 2004) .
